The Basques are a culturally isolated population, living across the western border between France and Spain and speaking a non-Indo-European language. They show outlier allele frequencies in the ABO, RH, and HLA loci. To test whether Basques are a genetic isolate with the features that would make them good candidates in genetic association studies, we genotyped 123 SNPs in a 1-Mb region in chromosome 22 in Basque samples from France and Spain, as well as in samples from northern and southern Spain, and in three North African samples. Both Basque samples showed similar levels of heterozygosity to the other populations, and the decay of linkage disequilibrium with physical distance was not different between Basques and non-Basques. Thus, Basques do not show the genetic properties expected in population isolates.
Introduction
It has often been suggested that genetically isolated populations would offer increased statistical power to detect association because of the impact on their genomic structure of their particular demography. 1 Linkage disequilibrium (LD) would be higher than in other populations because of the reduced effective population size, which limits the number of haplotypes that can be present in the population. Moreover, such populations are expected to be genetically more homogeneous, which may translate into being less diverse in the genetic architecture of susceptibility to a particular complex disease.
An apparent candidate as a genetically isolated population suitable for association studies is the Basques. They live in a small area straddling the westernmost section of the French -Spanish border, and speak an isolated, nonIndo-European language. Basques have been described as the most differentiated population in continental western Europe based on classical polymorphisms (ie, blood groups, enzyme polymorphism, and HLA). 
Results
The median and interquartile range for heterozygosity is plotted for each population in Figure 1 . Average heterozygosity was actually larger in the two Basque samples than in other Iberian populations; this difference reached statistical significance with Extremadura (PB10 À5 both with French and Spanish Basques, Wilcoxon's nonparametric test), probably given the smaller sample size in Extremadura and the larger number of monomorphic SNPs in this sample. F ST genetic distances were computed either with the whole 123-SNP data set or with the set of the 56 SNPs that were tagSNPs in each of the eight populations, and were plotted with MDS. Both data sets produced very similar results, and only the latter is presented in Figure 2 . Stress was 0.0005 (Po0.01, Sturrock and Rocha 14 ). The MDS plot shows that genetic variation can be described with a single component, namely, Iberian vs North African populations (note the huge difference in scale between components 1 and 2), and Basques are not differentiated from other Iberian populations. Next, we tested for the significance of the genetic differences apparent in the F ST matrix by means of AMOVA. As above, we used the whole data set or the set of tagSNPs, with very similar results. F ST among all populations is 1.03% (Po0.001), and F CT is 2.05% (P ¼ 0.02) among the Iberians and North Africans. F CT was much lower between Basques and Iberian non-Basques (À0.02%, which has to be taken as 0). That is, allele frequencies for 123 SNPs show no statistically significant difference among Basques and nonBasques.
Finally, we analyzed LD. Average r 2 between adjacent SNPs was lower in French Basques than in any other Iberian sample (Po0.014, Wilcoxon's test), whereas it was similar (and not significantly different) in Spanish Basques. In Figure 3 , the proportion of SNP pairs in each physical distance bin with r 2 40.8 is plotted, for SNPs with minor allele frequencies (MAF) above 0.05. We verified the hypothesis that the Basques may have a slower LD decay. It is apparent from Figure 3 that this is not the case; actually, French Basques show significantly more LD than Catalans at the 0 -15 kb bin (P ¼ 0.024 for the whole SNP data set and P ¼ 0.012 for MAF40.05), and Spanish Basques, as other Iberian populations, show less LD than Southern Moroccans at the 0 -15 kb and 30 -45 kb bins (P ¼ 0.038 and P ¼ 0.006 for the whole set; P ¼ 0.042 and P ¼ 0.004, respectively, for the MAF40.05 subset). A similar pattern was found when analyzing average r 2 within each distance bin (data not shown).
Discussion
We have found that Basques have similar or larger heterozygosity, and similar or smaller LD than other Iberians, from which they are not differentiated in their allele frequencies. Thus, we must conclude that, at least as gathered from this genomic region, Basques do not exhibit the genomic properties that would make them a particularly attractive population for association studies. Our finding that Basques are not genetically differentiated contrasts sharply with previous reports that showed them to be outliers in the genetic variation of western Europe, and appears more in line with the observations from mtDNA sequences and Y-chromosome polymorphisms 3 -7 or for whole-genome scans of SNP variation 9 (in another recent whole-genome scan, 15 French Basques were the only western European population analyzed, and thus, their status as outlier in Europe could not be properly assessed). The loci with the largest allele frequency differences in previous studies 2 were ABO, RH, and other blood groups, that is, glycoproteins of the red cell membrane, as well as the HLA histocompatibility system. These genes share a common trait: they are involved in pathogen -human interaction. It is tempting to speculate, then, that such differences were not exclusively due to founder effects and subsequent reduced gene flow, but that microgeographical natural selection, possibly linked to pathogens, had also played a role. A whole-genome scan of 3000 British subjects 16 differentiation, and natural selection was also invoked in that case for this geographical differentiation.
These results have strong implications in two partly overlapping fields: on the one hand, it joins a number of studies 3 -9 in contradicting the previous extensive literature 2,17 -21 on the genetic distinctiveness of the Basques as a result of population processes and with a strong interaction with cultural isolation; and, on the other hand, on the putative use of the Basques (and of other European isolates yet to be characterized) as a population of choice in understanding the genetic basis of complex traits and diseases. 
